Inadequate bowel preparation in screening colonoscopy interferes with adenoma detection, reduces the adenoma detection rate (ADR: the proportion of patients with at least one adenoma of any size), and increases the risk of interval colorectal cancers (those diagnosed within 3-5 years of the index screening examination). Studies with split-dose bowel preparation focused primarily on achieving adequacy of bowel cleanliness in traditional air-insufflation (AI) colonoscopy. Despite advances, split-dose preparation has limitations. What are these limitations and how have they been addressed?
Inadequate bowel preparation in screening colonoscopy interferes with adenoma detection, reduces the adenoma detection rate (ADR: the proportion of patients with at least one adenoma of any size), and increases the risk of interval colorectal cancers (those diagnosed within 3-5 years of the index screening examination). Studies with split-dose bowel preparation focused primarily on achieving adequacy of bowel cleanliness in traditional air-insufflation (AI) colonoscopy. Despite advances, split-dose preparation has limitations. What are these limitations and how have they been addressed?
The current issue of Annals of Gastroenterology includes a report describing a cross-sectional, dual-center study that used a multilingual survey to collect patient-reported demographic, medical, socioeconomic, and tolerability data from patients undergoing outpatient colonoscopy [1] . Of the 1023 patients who returned questionnaires, 342 (33.4%) had completed single-dose and 681 (66.6%) split-dose preparation. Of the patients surveyed, 39% were Hispanic, 50% had Medicaid or no insurance, and 34% had self-reported limited English proficiency. Patients who underwent split-dose preparation were significantly more likely to report a tolerable preparation, with less severe symptoms, than patients who underwent single-dose preparation. Multiple logistic regression revealed that male sex and instructions in a preferred language were associated with tolerability of the single-dose preparation, while male sex and concerns about medications were associated with tolerability of the split-dose preparation [1] . The study appeared to confirm a suboptimal patient attitude towards the split-dose regimen [2] . An earlier, but quite recent, report [2] described preferences in 1447 patients: 61.7% and 38.3% chose the split-dose and day-before regimens, respectively. A linear correlation was observed between the time of colonoscopy appointments and split-dose uptake, from 27.3% among patients with an 8:00 appointment to 96% in those scheduled [2] .
Approaches addressing the improved performance of splitdose preparation were reported. One randomized controlled trial (RCT) showed that, after a 3-day low-residue diet and oral bisacodyl before colonoscopy, colon cleansing with 4-L split-dose polyethylene glycol (PEG) was superior to 2-L split-dose PEG + ascorbic acid in patients with previous inadequate cleansing [3] . A meta-analysis of RCTs showed that a counseling session with patients before colonoscopy ensured better bowel preparation. However, the evidence was insufficient to assess avoidance of a repeat colonoscopy or any improvement in polyp detection rate [4] . Wang et al [5] described the effect of changing from a single-to a split-dose preparation on colonoscopy quality measures in a retrospective cohort study based on electronic medical record data including quality indicators. The results included 1602 colonoscopies in the single-dose group and 1061 colonoscopies in the splitdose group. The Boston Bowel Preparation Scale (BBPS) score was significantly better in the split-dose group (8.64 vs. 8.25, P<0.0001), whereas the rate for recommending an early repeat examination because of inadequate bowel preparation was significantly lower in the split-dose group (3.9% vs. 8.9%, P<0.0001). These observation have important clinical implications for performance, costs, and patient experience, and provide evidence to support the use of split-dose preparation. There was no significant difference in ADR (40.7% vs. 40.5%, P=0.92), suggesting an ADR threshold over which improved bowel preparation would have little impact [5] .
Addressing the lack of ADR improvement, a recent RCT reported for the first time that split-dose bowel preparation significantly improved bowel cleanliness and ADR [6] . On perpatient analysis, the proportion of subjects with at least one adenoma was significantly higher with split-than single-dose (183/345, 53.0% vs. 141/345, 40.9%, relative risk 1.22, 95%CI 1.03-1.46) [6] . Another report in the Annals of Gastroenterology described an analysis of segmental BBPS scores and ADR [7] . The association of segmental and overall ADR and serrated polyp detection rate (SDR) with segmental and total BBPS scores was examined. All screening colonoscopies in outpatients with documented BBPS scores from January to December 2013 were reviewed retrospectively. The results included 1991 colonoscopies. The overall ADR was 37.5% (95%CI 35.3-39.6).
There was a significant difference in the overall ADR and SDR across all bowel category groups, with total BBPS scores of 8 and 9 having lower detection rates than scores of 5, 6 and 7. As the quality of bowel preparation increased, there was a statistically significant decrease in the ADR of the right colon (P=0.04; OR 0.79, 95%CI 0.65-0.95), while in the left colon there was a statistically significant decrease in the SDR (P=0.019; OR 0.78, 95%CI 0.65-0.92). A possible explanation for this discrepancy might be the longer and better visualization of the mucosa when cleansing and suctioning were necessary [7] .
Suboptimal bowel cleanliness could result from noncompliance and a prospective study specifically showed 1 in 7 did not comply with a split-dose bowel regimen [8] . One retrospective report in patients who were examined using the traditional AI method discussed intra-procedural bowel cleansing during withdrawal as a possible solution for those with inadequate cleanliness despite split-dose preparation [9] . The practice could reduce the need for early repeat colonoscopy, thereby reducing costs and patient and endoscopist time and inconvenience, while potentially improving outcomes [9] . Water immersion (WI) [10] [11] [12] , which used water infusion to aid insertion in traditional AI colonoscopy, also left removal of most of the infused water and residual debris to the withdrawal phase. The practice of withdrawal cleaning consumed time that otherwise could have been devoted to examining for adenomas.
Cleaning during insertion was an integral component of water exchange (WE) colonoscopy [11] [12] [13] [14] [15] . WE was modified from WI [10] by the exclusion of air and the addition of removal of water and residual debris during insertion [13] . The added maneuvers minimized distension of the colon lumen to reduce insertion pain in unsedated patients, and provided salvage cleaning to optimize bowel cleanliness. Bowel cleansing during insertion was deemed "cumbersome and time-consuming" if considerable residual feces were present. The improved cleanliness with split-dose bowel preparation facilitated salvage cleaning during insertion with WE. The net result reduced the need to perform cleaning during withdrawal. Compared with traditional AI colonoscopy in patients purged with a split-dose regimen, WE has been associated with a significant increase in BBPS scores and ADR (Table 1) . Moreover, pooled RCT data [11, 12] showed that WE also significantly increased ADR in addition to significantly improving bowel cleanliness compared with WI (Table 2 ) [15] . These RCT data support the hypothesis that salvage cleaning during colonoscope insertion by WE is efficacious in enhancing bowel cleanliness and adenoma yield, even after split-dose preparation.
Taken together, there are impediments to achieving an optimal result from split-dose preparation [1, 2, 8, 9] . Modification of the bowel cleansing regimen [3] , patient education [4] , and intra-procedure cleansing performed during withdrawal [9, 11, 12] or during insertion [11] [12] [13] [14] are important measures for overcoming the limitations and improving the outcomes of split-dose preparation. To date, only WE with insertion salvage cleaning has been associated with both significantly better bowel cleanliness and a significantly greater ADR, compared with AI [11, 12, 14] and WI [15] colonoscopy. Bowel preparation and adenoma detection rate 255
The improvement in the surrogate marker for colorectal cancer, namely ADR, suggests WE is the ideal screening colonoscopy method when used with split-dose bowel preparation. Whether the increased ADR by WE will eventually result in a decrease in the occurrence of interval colorectal cancer remains to be studied further.
